Abstract: Canadian beef is quality graded to characterize the potential eating quality of the cooked product. Instrumental meat quality characteristics of 48 m. longissimus thoracis (LT, rib eye) from four Canadian beef grades (Canada A, AA, AAA, and Prime, n = 12) before and after an additional 14-d aging were compared using a split plot design with grade, aging, and their interaction as fixed sources of variation. Mean percentage intramuscular fat was greatest in Canada Prime muscle and least in Canada A and AA muscles (P < 0.0001), whereas mean percentage drip loss was lower in Canada Prime muscle than in muscle from all other grades (P = 0.0348). Canada Prime and AAA muscles were redder and yellower than muscles from other grades even after aging (P < 0.03), which may be associated with increased fat content and indicative of accelerated myoglobin oxidation and increased myoglobin oxygenation. Shear force was not different among the Canada grades, although the differences between Canada AA cooked beef LT and that of Canada Prime and AAA carcasses approached significance (P = 0.0993). Results indicated that Canada quality grades did not differentiate beef on cooked product tenderness, substantiating that muscle compositional characteristics alone define beef grade advantages.
Introduction
In Canada, beef deemed youthful that meets government standards for texture, muscling, fat, and lean color is classified into four quality grades. The Canadian beef quality grades are differentiated based upon the visible amount of intramuscular fat in the longissimus thoracis (LT, rib eye) muscle surface at the 12 th and 13 th rib interface, with Canada A having traces of marbling, Canada AA having slight marbling, Canada AAA having small, modest, and moderate marbling, and Canada Prime having slightly abundant, moderately abundant, and abundant marbling (Livestock and poultry carcass grading regulations SOR/92-541 2007). As a consequence, Canada A, AA, AAA, and Prime are equivalent to USDA Standard, Select, Choice, and Prime, respectively, and this facilitates trade as about 75% of Canada's beef export market resides in the United States of America (Agriculture and Agri-Food Canada 2014) .
Beef carcass quality grading is designed and performed to estimate the eating quality of beef and, as a result, this categorization contributes to product differentiation. Intramuscular fat content of beef is used to provide product differentiation thresholds because increased intramuscular fat in beef has been associated with increased tenderness, juiciness, flavor, and overall acceptability (Savell et al. 1989; Neely et al. 1998) . Intramuscular fat stimulates the production of saliva during mastication, which may contribute to an increased perception of product juiciness (Pepino et al. 2012; Hunt et al. 2014) . Although the Canadian beef grading system is used to set the value of the whole beef carcass, research has indicated that the advantages of market segregation of beef, particularly of rib eye and strip loin steaks, on the basis of grade may be limited (Neely et al. 1998) . For example, consumers have difficulty visually discerning differences between different beef grades, but they can detect differences in fat content, flavor, and toughness between the beef grades (Savell et al. 1989) , although not reliably (Neely et al. 1998) . Beef steaks from grades with reduced intramuscular fat content are characterized as tougher, leaner, and not as flavorful as beef with increased intramuscular fat content (Savell et al. 1989 ) and less acceptable than quality grades associated with increased marbling (Corbin et al. 2015) . Neely et al. (1998) , however, found that some consumer populations were unable to perceive tenderness differences between USDA Choice and Select steaks. McKenna et al. (2004) found that USDA Low Choice and Select did not have detectable palatability differences following 14-to 21-d aging, and this was substantiated by Legako et al. (2015) , who found that USDA Prime was not discernable from USDA Choice, and that USDA Choice beef was not different from USDA Select or Standard. Dikeman et al. (2013) also found that the palatability of beef longissimus lumborum (strip loin) steaks was not different between steaks from USDA Choice and USDA Select. Further, for some populations and regions, lean USDA Select beef steak has been shown to be preferred to the marbled USDA Choice (McKenna et al. 2004) .
Recent research has also indicated that sensory differences between Canada AAA and AA beef steaks were less discernable than between USDA Choice and Select (Tedford et al. 2014 ). Prior to Tedford et al. (2014) , the most recent comparison of eating quality properties by Canada beef grade was performed by Hawrysh and Berg (1976) , when marbling was not part of the Canadian beef grading system and A grades were separated by subcutaneous fat thickness. The effect of marbling level on cooking and palatability properties of Canadian beef rib-eye steaks was later described by Jones et al. (1991) , who found that degree of marbling had no effect on perception of tenderness or desirability but that both the sensory perception of juiciness and the proportion of acceptable steaks increased as the amount of marbling in the steak increased. Given that several studies have reported that meat tenderness is the most important quality trait for the consumer (Savell et al. 1989; Verbeke et al. 2010) and that consumers are willing to pay an increased price for guaranteed tender meat (Boleman et al. 1997; Miller et al. 2001; Platter et al. 2003) , understanding the specific meat quality characteristics of each of the Canadian beef quality grades in a current context will assist with differentiating Canadian beef in international markets where consumers are willing to pay additional money for beef with increased eating quality (Lyford et al. 2010) .
Differences in the characteristics of beef from the various Canadian quality grades may not be completely captured by the use of consumer palatability studies because these studies often exhibit a "halo" effect where increased juiciness is perceived as increased tenderness (Roeber et al. 2000) . In light of this, technological description using objective measurements can provide definition of LT quality characteristics between the Canada beef grades. The objective of this investigation, without being a comprehensive meat quality benchmarking study, was to characterize technological meat quality differences between nonaged and aged LT from the four Canadian beef quality grades using instrumental measurements.
Materials and Methods

Experimental design
Twelve LT muscles from each quality grade (Canada A, AA, AAA, and Prime) were obtained from a large Alberta abattoir over four visits, with three muscles from each grade obtained at each visit. Beef graders certified by the Canadian Beef Grading Agency determined the quality grade of each sample within 72 h postmortem by viewing the surface of the LT at the interface between the 12th and 13th rib. Carcasses were fabricated at the abattoir approximately 72 h postmortem in accordance with facility standard operating procedures. A total of 48 LT muscles were collected and divided into anterior and posterior for analysis, and the anterior and posterior portions of the LT were randomized and balanced for portion location to two treatments: no further aging and aged an additional 14 d. Because muscles were from cattle killed on different days, the packing date printed on the label of each meat box was recorded to determine days postmortem since carcass fabrication. Following each aging treatment, three 2.5-cm-thick steaks were sliced from the posterior of each LT muscle section; the first was used for objective color measurements and proximate analyses, the second was used for cooking loss and Warner-Bratzler shear force (WBSF) and the third was used for pH and drip loss.
Color
Prior to color analysis, approximately 3 mm of the outside face was removed and the newly exposed surface was allowed to bloom (oxygenation) in a tray covered with oxygen-permeable polyvinyl-chloride film (Fisher Scientific, Pittsburgh, PA, USA) at 4°C for 20 min. Lightness (L*), green-red (a*), and blue-yellow (b*) were determined with a Minolta color meter (CR-400, Konica-Minolta, Osaka, Japan) with an 8-mm aperture using the color system established by the Commission Internationale de L'Eclairage (CIE 1977) . Illuminant setting was D65 with a 2°observer angle. Color analysis is improved by increasing the number of measurements within a sample (Alcalde and Negueruela 2001) ; therefore, three locations along the LT muscle surface were randomly chosen to take measurements. The three values were averaged and the mean value recorded. The instrument was calibrated against a white tile provided with the instrument before use.
Drip loss
Water-holding capacity was imputed from drip loss as described by Honikel (1998) and as outlined by the American Meat Science Association methods (AMSA 1995) . A beef steak was prepared for drip loss measurement by first trimming the external fat and connective tissue from the LT steak. Steaks were hung for 24 h at 4°C in a sealed plastic bag from a stainless steel hook. The weight of the trimmed steak portion was recorded before and after the procedure, and water loss results expressed as a percentage of the original weight.
Cooking loss and time and Warner-Bratzler shear force
The second steak was trimmed of subcutaneous fat, weighed, and grilled on a preheated grill (General Electric 4 in 1 Grill/Griddle, China) set to a temperature of 176°C. The internal temperature of each steak was monitored continuously using a thermometer with a metal probe (Tinytag View 2 s with Thermistor probe TV-4020, Gemini Data Loggers Ltd., West Sussex, UK) inserted into the geometric center of the steak. Steaks were heated until the steak internal temperature reached 71°C. Once an internal temperature of 71°C was reached, the cooked steaks were placed in plastic bags and cooled to less than 10°C in an ice bath and then weighed the next day after overnight storage at 4°C. Cooking loss was calculated by dividing the steak weight loss during cooking by the trimmed raw weight of the steak and reported as a percentage of the initial raw weight. Cooking time was recorded until steak internal temperature reached 71°C using a four-channel alarm timer (Traceable ® , Fisher Scientific, Edmonton, AB), and cook time was calculated as seconds per gram of fresh product.
Following weighing, the cooked steaks were allowed to reach room temperature. Once the cooked steaks reached room temperature, six cores of 1.27 cm diameter without large deposits of fat or connective tissue were removed from each steak parallel to the muscle fibers. Each core was sheared once across the middle, perpendicular to the fiber direction, using a materials testing machine (AMETEK, Inc. 
Intramuscular pH
Intramuscular pH was estimated using a temperaturecompensated pH meter (Fisher Scientific, Accumet Waterproof AP71 pH/mV/Temperature, Fisher Scientific, Toronto, ON) fitted with a glass spear-type electrode (Hanna Instruments, Fisher Scientific, Toronto, ON), which was inserted into the muscle. Three measurements were taken from each muscle, and the pH values were averaged and the mean used for statistical analysis. Prior to pH measurement, the pH meter and electrode were standardized using commercial pH buffers of 4.0 and 7.0 at room temperature (23°C).
Proximate analyses
Chemical composition of the beef samples was estimated using approximately 100 g of minced sample, which was weighed and placed into an aluminum tray of known weight and lyophilized to dryness (Virtis freeze dryer Ultra El-85, SP Scientific, Warminster, PA, USA). Upon the completion of lyophilization, tray final weights were recorded for moisture loss calculation. Crude fat analysis was determined by pulverizing the freeze-dried sample into a fine powder using a blender fitted with a 1 L stainless steel container (Two-Speed Food Blender Model 7011G; Waring Commercial. Torrington, CT, USA) containing two to three pellets of dry ice. Duplicate 2 g samples of the lyophilized meat powder were placed in cellulose thimbles and analyzed for crude fat content (Method 960.39; AOAC 1995) by petroleum ether extraction (Goldfisch Fat Extraction Apparatus Model 35001; Labconco Corp. Houston, TX, USA). A blank/control thimble was included at all times and duplicates were averaged and their mean used for statistical analysis. Nitrogen content was determined to estimate protein content in triplicate using 100 mg of lyophilized meat sample (Method 992.15; AOAC 1997) (Nitrogen/Protein Determinator CNS2000, Leco Corp., St., Joseph, MI, USA), with triplicates averaged and means used for statistical analysis. Machine standardization and calibration for nitrogen analysis were performed using caffeine and ethylenediaminetetraacetic acid (EDTA) (n = 3) before experimental sample analyses.
Statistical analysis
Data were organized as a completely randomized split plot design and analyzed using the MIXED procedure in the Statistical Analysis System (SAS) software (version 9.2, Statistical Analysis Systems, Cary, NC, USA). The LT muscle was the experimental unit in the whole plot, whereas the LT roasts subjected to the aging treatments were the experimental units in the subplot. Analysis of variance was conducted using beef grade as the sole fixed effect for the whole plot, and aging time and its interaction with grade as fixed effects in the subplot. Shipment within grade and muscle within shipment by grade were included as random effects in the whole plot and interacted with aging to form the error in the subplot. Time of packing information that was collected from the beef boxes, which indicated the number of days postmortem, was used as a covariate in the model. Least square mean differences were used to determine differences between means with the PDIFF function of SAS. All sources of variation in the analysis of variance and differences between least square means were considered significant at P ≤ 0.05. Linear relationships between meat quality measurements were estimated using Pearson correlations obtained using PROC CORR in SAS, with measurements delineated as either from aged or nonaged beef, and correlations were considered significant at P ≤ 0.05.
Results
Descriptive statistics including number of experimental units, means, standard deviations, minimums, and maximums for all measurements are shown in Table 1 .
Color
Color data for one Canada A muscle after the additional 14-d aging were not recorded due to human error. There were no differences between the Canada beef quality grades for mean L* values (lightness) ( Table 2) ; however, mean L* values were affected by additional aging with steaks aged a further 14 d having a higher mean L* value (P = 0.0198) than steaks without additional aging (Table 3 ). The interaction between grade and additional aging was significant (P < 0.05) for a* (redness) and b* (yellowness) values, where Canada Prime LT was significantly redder than LT from all other grades prior to additional aging, and its redness did not change with additional aging (Table 4 ). The mean a* value of Canada AAA LT increased with additional aging and achieved a mean a* value similar to those of the Canada Prime LT before and after additional aging (Table 4) . Mean a* values for Canada A and AA LT, however, were unaffected by additional aging. Mean b* values increased for LT from all the grades with the exception of LT from Canada A, and mean b* values for LT from Canada AAA and Prime before additional aging were comparable, but after additional aging Canada Prime LT had a greater mean b* value than LT from all other grades.
Drip loss
Differences between the Canada grades in terms of drip loss were detected (P = 0.0348, Table 2), with Canada Prime LT having a lower mean drip loss than LT from the Canada AA and Canada A carcasses. Drip loss was unaffected by additional aging, and the interaction between grade and additional aging was not significant for this measurement.
Cooking loss, cooking time, and Warner-Bratzler shear force
There was no effect of grade, additional aging, or their interaction on LT cooking loss. The interaction between grade and additional aging was significant for cooking time, however, with more time required to cook Canada Prime LT than Canada A and AA LT before additional aging but only Canada A LT after additional aging (P = 0.0198). The mean WBSF value was affected by neither grade (Table 2 ) nor additional aging (Table 3) , although the differences between Canada AA cooked beef LT and that of Canada Prime and AAA carcasses approached significance (P = 0.0993).
Ultimate pH
The interaction between grade and additional aging was significant (P = 0.0495, Table 4) for the mean intramuscular pH value as well, and indicated that intramuscular pH decreased with additional aging for LT from Canada A and AAA, but was unchanged for Canada A and Prime LT.
Proximate analyses
Differences were found in crude fat content among the Canada grades (P < 0.0001), with Canada Prime Note: Means with different lowercased letters within a row are significantly different at P < 0.05 according to least square mean differences tests. having the highest fat content followed by Canada AAA, and no difference in intramuscular fat content between LT from Canada AA and A (Table 2) . Conversely, mean percentage moisture content was lowest in LT from Canada Prime steaks, the next lowest in Canada AAA steaks, and the highest in Canada AA and A LT steaks (P < 0.0001). Mean percentage protein was lowest in LT from Canada Prime and lower compared to all other grades. There was no effect of additional aging on fat, protein, or moisture content of the LT steaks.
Pearson correlations
Significant linear relationships between meat quality characteristics before and after additional aging were identified using Pearson correlations (Tables 4 and 5 , respectively). Prior to the additional aging, L* values were negatively correlated to a* values (r = −0.30) and positively correlated to b* values (P ≤ 0.05), and a* and b* values were highly correlated (r = 0.66, P ≤ 0.0001). Significant correlations were observed between muscle a* values and WBSF (r = −0.45, P ≤ 0.05), protein (r = −0.53, P ≤ 0.05), moisture (r = −0.61) and fat (r = 0.67) concentrations (P ≤ 0.0001). Muscle b* values were positively correlated to percentage drip loss (r = −0.28), percentage moisture (r = −0.47), and protein content (r = −0.44), and positively correlated to intramuscular fat content (r = 0.51) (P ≤ 0.05). Drip loss was correlated to fat (r = −0.39) and moisture (r = 0.36) contents (P ≤ 0.05) and cooking loss was correlated to WBSF (r = 0.44), cooking time (r = −0.46), fat (r = −0.31) and moisture (r = 0.31) contents (P ≤ 0.05). Warner-Bratzler shear force was correlated with fat (r = −0.28) and protein (r = 0.33) content (P ≤ 0.05) and cooking time had a linear relationship with protein content (r = −0.28, P < 0.05).
Following the additional 14-d aging, L* values were linearly related to a*, b*, and pH values (r = −0.29, 0.40, and −0.50, respectively) (P ≤ 0.05). Muscle a* values were correlated with b* values, fat and moisture contents (r = 0.68, 0.63, and −0.58, respectively, P ≤ 0.0001) and drip loss, cooking loss, and protein content (r = −0.35, Probability of the F value, with significance at P < 0.05. −0.36, and −0.50, P ≤ 0.05). Muscle b* values were correlated with cooking time and protein content (r = 0.37 and −0.43, respectively, P ≤ 0.05) and fat and moisture contents (r = 0.60 and −0.60, respectively, P ≤ 0.0001). Drip loss was linearly related to cooking time and protein content (r = −0.30 and 0.37, respectively, P ≤ 0.05) and fat and moisture contents (r = −0.55 and 0.53, respectively, P ≤ 0.0001). Cooking loss was correlated with WBSF (r = 0.54, P ≤ 0.0001) and cooking time (r = 0.43, P ≤ 0.05). Warner-Bratzler shear force was positively correlated to cooking time (r = 0.35) and cooking time was correlated to fat and moisture contents (r = 0.33 and −0.35, respectively) (P ≤ 0.05). All fat and moisture contents within aging treatment were correlated to each other (P < 0.0001, Table 5 ). Linear relationships between meat quality characteristics before and after the additional aging treatment are shown in Table 6 . The L*, a*, and b* values and fat, moisture, and protein contents before and after the aging treatment were linearly related (r = 0.82, 0.68, 0.58, 0.95, 0.95, and 0.59, respectively, P ≤ 0.0001), as were pH, cooking loss, and WBSF values before and after treatment (r = 0.34 and 0.42, P ≤ 0.05). The L* values prior to the aging treatment were correlated with b* values, pH, and cooking time after aging (r = 0.34, −0.49, and 0.37, respectively, P < 0.05). Table 6 . Pearson correlation coefficients between meat quality traits of beef m. longissimus thoracis before and after an additional 14-d aging.
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Discussion
In Canada, visible intramuscular fat is among the characteristics used to differentiate beef carcasses into the various quality grades. Intramuscular fat has been associated with improved eating quality and consumer acceptability (Savell et al. 1989; Kim and Lee 2003; Gruber et al. 2006; Hunt et al. 2014; Corbin et al. 2015) and has been found to improve sensory ratings of tenderness and juiciness (Miller et al. 1995; Wulf et al. 1997) . Regular characterization of beef from the various quality grades is warranted because cattle genetics change with time and market selection pressures and may affect the relationship between intramuscular fat content and beef eating quality.
In the present study, intramuscular fat as estimated by crude fat extraction increased as the level of quality grade increased, with Canada Prime having the most intramuscular fat. Also as expected, Canada Prime beef exhibited more intramuscular fat than beef from all other grades, whereas Canada AAA LT had a greater mean intramuscular fat content than those of Canada AA and A LT. Unexpectedly, there was no difference in intramuscular fat content between Canada A and AA grades. Why there was no difference in intramuscular fat between these grades is unclear, and without visual marbling scores for these muscles, the relationship between visible marbling and chemically extracted fat is difficult to ascertain. Theoretically, as the overall muscle fat content declines, the likelihood of disparity between visible and chemically-extracted fat may increase due to the sporadic occurrence of fat in the LT muscle, and this could lead to Canada AA LT being graded as Canada A, or vice versa, but this hypothesis was not verified in the present study. Similarly, Campion and Crouse (1975) found that intramuscular fat contents could be greater in bovine longissimus muscle graded USDA moderate versus that graded USDA slightly abundant, substantiating that visual marbling score is only indicative (r = 0.80) of actual intramuscular fat content.
Quality grade was not a significant source of variation in the present study for cooked steak toughness, as there was no difference in mean WBSF between Canada Prime, Canada AAA, Canada AA, and Canada A steaks, indicating that they were of comparable mean toughness. This was unexpected because the average difference in price premium between Canada Prime and Canada AAA can be as much as an additional $10 per hundred weight (cwt, centum weight) for carcasses graded Canada Prime (Jim 2012) . Previous studies characterizing the instrumental properties and eating quality of Canadian beef with various degrees of marbling have also showed that the degree of marbling had no effect on cooked beef toughness (Hawrysh and Berg 1976; Jones et al. 1991) , in agreement with the results of the present study. The difference in WBSF between Canada AA LT steaks and Canada AAA and Prime LT steaks in the present study approached significance (P = 0.0993), however, and this result was supported by a negative correlation between WBSF and intramuscular fat content. McBee and Wiles (1967) reported that marbling had an effect on shear force values, with steaks with the highest marbling (USDA Prime) having the lowest mean shear force value and steaks with the lowest marbling (USDA Standard) having the highest mean shear force value. Similarly, Obuz et al. (2004) noted that USDA Select m. longissimus lumborum (LL) steaks had a greater mean WBSF value than LL from USDA Choice carcasses. Other researchers, however, have shown no difference in cooked LT toughness due to quality grade or intramuscular fat content (Brooks et al. 2000; Neely et al. 1998; Dikeman et al. 2013) , although Brooks et al. (2000) noted a trend toward the high intramuscular fat Prime LT steaks to have a greater sensory tenderness score than all other quality grades. Differences in cooked steak toughness may have been greater had WBSF of the cooked product been assessed earlier than the 6 to 8 d postmortem of the steaks in the present study, as Wheeler et al. (1999) found an interaction between sensory tenderness and USDA grade (Top Choice versus Low Select) where tenderness differences evident at 3 d postmortem disappeared by 14 d postmortem. Gruber et al. (2006) , however, found that the greatest difference in peak WBSF values between USDA Select and USDA Choice longissimus steaks was between 6 and 10 d postmortem. Gruber et al. (2006) also noted that LT steaks from quality grades with high intramuscular fat displayed a greater decrease in WBSF with aging than LT steaks with low intramuscular fat, which was in agreement with Kim and Lee (2003) . In the present study, although the mean WBSF value decreased with an additional 14-d aging, it was not statistically significant. This may have been due to the rib eye sections having been obtained in the present study at between 6 and 8 d postmortem, when the greatest amount of tenderization may have already occurred (Gruber et al. 2006) . That change in WBSF with additional aging was limited may also indicate that LT collected for this study were not tough early postmortem, as tender beef exhibits decreased tenderization (Gruber et al. 2006) . Beef is becoming increasingly tender within the beef industry as the time for cooling a beef carcass to 4°C is now longer than 24 h, reducing the likelihood of cold shortening (Brooks et al. 2000) .
Although the Canada AA LT in the present study produced the toughest steaks, the steaks may still be of acceptable eating quality as they would be considered tender if their WBSF values are less than 45.1 N (Miller et al. 2001; Shackelford et al. 1991) . Steaks from Canada AA carcasses, however, with a mean WBSF value of about 4.0 kg when converted from Newtons to kg (1 kg = 9.8066 N) would be considered unacceptably tough if measured against the tenderness thresholds of 34 N (3.5 kg) of Wulf et al. (1998) or the 37.95 N (3.87 kg) of Rodas-González et al. (2009) .
The redness and yellowness values of LT steaks are important because customers relate a bright cherry red color with freshness and a brownish or pale color could result in rejection of the product (Hood and Riordan 1973) . Color measurements indicated that Canada Prime LT steaks were redder than LT steaks from all other grades before and after aging, and that the redness of Canada AAA LT increased with additional aging to a level comparable to that of Canada Prime LT steaks. Heightened redness in muscle with increased marbling may be due to increased proportions of red muscle fibers, which are associated with oxidative metabolism (Fiems et al. 2000) . That the Canada AAA muscle redness increased with additional aging suggested that the increased redness may be associated with myoglobin oxidation (Lindahl et al. 2001) . Increased oxidation of myoglobin is to be expected in beef with high intramuscular fat content because secondary lipid oxidation products such as aldehydes adduct to myoglobin histidine residues, destabilizing the protein (Suman and Joseph 2013) .
Canada Prime and AAA LT steaks also had increased yellowness (b*) compared to the LT steaks from the other grades. Increased yellowness is associated with increased oxygenation of myoglobin (Allen and Cornforth 2006) . Increased oxygenation of myoglobin in beef muscle may be due to a compromised electron transport chain, which would slow transfer of oxygen from myoglobin to the inner mitochondrial membrane and increase the time that myoglobin retains oxygen. Deficiency in the muscle electron transport chain has been linked to obesity (Ritov et al. 2010) , and although not confirmed in the present study, such a deficiency may persist postmortem and enhance the retention of oxygen by myoglobin in muscle from fat cattle. In support of this hypothesis, increased b* values (yellowness) in the present study were positively correlated to fat content. Usually, however, diminished function of the electron transport chain cytochromes is attributed to low muscle pH early in the aging period, which often accompanies the warm muscle temperatures early postmortem associated with the increased subcutaneous fat of carcasses that have muscles with high levels of marbling (Young and West 2001; Moon et al. 2006) . Low muscle pH thus contributes to an attractive bright red appearance of the exposed meat surface (Bendall and Taylor 1972) .
Pearson correlations between meat quality measurements before and after the additional 14-d aging indicated little variation in fat, moisture, and protein contents with aging as expected. In fact, many meat quality characteristics in addition to meat compositional measurements remained similar after the additional aging. Color coordinate values before the additional 14 d aging were relatively indicative of those after the additional aging as Pearson correlations between the L*, a*, and b* values before and after were greater than or equal to r = 0.58. Warner-Bratzler shear force and cooking loss values before the additional 14-d aging were indicators of WBSF afterward, and this conclusion was supported by aging not being a significant main effect for those measurements. Values for drip loss and cooking time before the additional aging were unrelated to the values obtained after the additional aging, most likely because of in-package purge during aging. Also, Pearson correlations between drip loss and percentages of fat and moisture indicated that as intramuscular fat content increased, moisture and drip loss decreased. It has been noted (Jones et al. 1991; Kim and Lee 2003; Hunt et al. 2014 ) that drip loss decreases as intramuscular fat content increases because fat displaces muscle protein and with it the water that is bound to its surface and within its structure. This relationship was supported by the significant decrease in moisture noted in Canada AAA and Prime LT steaks, respectively.
The amount of marbling in the LT muscle is used as an indication of quality not only in Canada but in the United States of America, Japan, and Korea (Polkinghorne and Thompson 2010) because of its moderate but positive relationship with consumer acceptance (Platter et al. 2003 ). Meat quality is the conjunct of acceptable sensory characteristics that are defined by product colour, tenderness, juiciness, flavour and aroma (Renerre 1981; Madruga et al. 2010) . The instrumental measurements in the present study indicated no difference in tenderness of LT steaks from the four Canadian beef quality grades at 6 to 8 d postmortem and after an additional 14-d aging. Relationships between instrumental measurements and the consumer acceptability of meat have been found to be low (Lorenzen et al. 2003) , suggesting that consumers are using characteristics other than tenderness or appearance to discriminate between beef quality grades. Killinger et al. (2004) found that when LT steak tenderness was constant, consumers preferred the flavor and juiciness of a highly marbled product. Also, Jones et al. (1991) showed with a trained panel that LT steaks from the various quality grades were differentiated on juiciness rather than tenderness or flavor; therefore, although Canada A, AAA, and Prime seemed comparable in their mean WBSF values, the additional fat of the Canada Prime and AAA steaks may lead to a superior eating experience by improving beef flavor, juiciness, and tenderness when assessed by consumer panels (Miller et al. 1995; Wulf et al. 1997; Roeber et al. 2000) . Future research differentiating characteristics of beef from the Canada quality grades should include sensory analyses as technological differences appear limited.
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